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Sea Level Rise Around Jgu Idand due to Global Warming and M ovement
of Groundwater/seawater Interface in the Eastern Part of Jgu Idand

Kyung-Ho Kim?* - Jiyoun Shin® - Eun-Heui Koh! - Gi-Won Koh? - Kang-Kun Lee™*
ISchool of Earth and Environmental Sciences, Seoul National University
2Ingtitute of Environmental Resources Research, Jeju Special Self-Governing Province

ABSTRACT

Groundwater isthe main water resource in Jgju Island because storage of surface water in reservoir is difficult in the island
due to the permesable volcanic rocks. Because of this reason, the groundwater is expected to be very vulnerable to seawater
intrusion by globa warming, which will cause sealeve rise. The long term change of mean sea level around the Korean
Peninsulaincluding Jgu Idand was analyzed for this study. The sealevel rise over the past 40 years was estimated to be of
2.16 £ 1.71 mm/yr around the Korean Peninsula. However, the rising trend around the eastern part of Jeju Idland was more
remarkable. In addition, the groundwater/seawater intrusion monitoring network operated by the Jgu Specid Sdf-
Governing Province shows that seawater intrusion becomes more prominent during dry 4-5 months in a year when the sea
level increases. This implies that the fresh groundwater lens in the eastern part of Jgu Idand is influenced by the sea level
rise due to globa warming in the long term scale.

Key words: Globa warming, Sea level rise, Jgu Idand, Sea water intrusion, Climate change

Fll‘

FoE T4g0] FL RIS F40] slo] Afsl Wde] WRlLE £ tEe A5k o)Esh
Sick. Wb AT SWRE Q19 sl o] Basle] SRl s AL BAT A HS A2 BA
B P G ANGE A, 2 ATA P] 24 S ALS EA2 QS T AR 209 )
4ol Sl WSS RS 1 Ak, H 40 b P TR sio] 216+ 171 mmiyrd] SEE 8l
4 PIE Blom ARE Sl TS v }é SE2 shere] P R8s & 5 Ut I ATS
WARES AR AT Ao B ARS $5] 2] F AHee) A0 Ase 46
9 o) A7) Bk shre] 35e) met Gl 54 o Bsel ARSI e AL USR5 AT
o1% Falol AFE B Aol PrlHez sere] Jool ue At §4 Zow sl RS S ¢
Aoz ngrk ofs A7 Lus] g A5Ts] ol 1 B9 BAEd gul AFE B A9 s AE
@gel @ A9lo] B & Y AN ek,

FHo] : A3}, sl A, A, slRE, 715 RE

*Corresponding author :
A4 12009.5.11 AAFY :2009.5.22 AAEAY :2009.6.25
o] 1l &9] :2009. 8.317H

68



Azl whE A|Fx 2 s
1. M 8

A28t @ AFAIEEE sk S, g7
3k, AE 5o Al2Flel 2 S Fob ATeds) |
goll ofgh |7 Al=gle] Wl AR QIXE ARSle] of
FEFS & o= HolH 3 e 53] IS
= 3107 Holz Wglolrt. TS UN 7|53l #st
A2 I (Intergovernmental Pand on Climate Change:
IPCC, 2001) 33} Eaxjoll e 2147] 27k Q17ke] &
Bl gt A 2433} dAJol 93] sligHe] o) 88
Vi 35S Z10& o &3t vl Qlnk. ov] T A
o= g 3= YN FTPIA AAZ veptr] ARt
Ider 11 gk o2 JejEde] Ak AER oFo
7 & BERE & 7 vk FHEE dl dseE
Qlato] HEL] Aol 5ol IFE U oH A5k
Frs} @fol Az AlnA el FERlTh Tt
7 A= o] Aoxje] AEo] FEoiRel wet 20014,
TE Y718 A8l FE FRASZ o|FAIF7] A
Zketqint. 21471 E7HA] allsde] 1m Adsshd et
rle B 1797} 23E Ao o dFH, Tk}
EEE Si5A o= VA Ha, mgk}, o] ES}
Zo] AAY) A7Vt B w2 97100 B-2skA 2
Aog Ko},

SIS sl gl oJgt Fsiv) dlide] F
3 QJuk 23S 2](2002)F 210097HA] sl Akl
gt FHotol AU E A& Y hEdA e
7Vs HEo] ZEe] oF 1.3%el Eshk= oF 2,942 km¥}
=, 247 s 12T B9 oF 1497 o] e
Aol =Z=o] Qo] =gk Falrt AT 5 S
&gk vl ok olEigt 47gE FAIE o E 4 2
Bl Aol diste] ofF] feuRllME B At
FAHAT FRon, dFH dsoz gk Ffel o
gk Hang 1 S &3 A Bk gol mEg A
o]},

AFE 5 A9 F4 d ARE 198 A3 3
& o] Yehhe ®ooz 1 Alel gt o7 i
o] efghet] £ ddqelxe gbeet AT Q1] 3
TH s, AFE 5 A Askre] G wisk
o U #= A5 1 AR AT 243l wE A
T Za9] sl A =g AT 55 XY RS
o] sl @l & lel F 4 UeS AAStAt

f

e

o

3} AR E5 A Asre] G wish 69

TR gt e A
- % ‘;?’
5 ~
.{"
7
AV
N
”,.'»'Av'%{ ‘- AN
&, “Korea\ East Sea
5 c‘wj‘\\ﬁé((/\ \
T N \ ’
7 &Y 3
Yellow Sea 1., ¥ &
& “ e
o S s T
P 74
By A
LB , w.k'\,é,'k“"’
Do, o -,
& 2
g
Jeju Island

Fig. 1. Locetion of Jgju Island and Well JD Handong 1.
2. A7 XA

AFrs e GME 2ol YXZHFg. 1) $2vet
oA 7FE F AHom X9 Agd AgF E5oR
)Iste] A uie] ZE A 2 sl 8% 855
AAF o7 sfAsfort it} w3 AFeE FrAo] &
2 sPRIRE gAo] Hof Axge] W] yiokslng
Fe] Y-S Aol o)Fsta Stk ol AlF=rt
AT sz 3 S Ao E ABgRY g A
F7F S 7S A Rl AZek FAE A4 F
UE FAME Aes AR et o] el
o] AFEe] Askr e viXe gakl At Ae
wju] gk Aol

AFE TH A9 HFARE skl thre] ol
SHrE]o] o] 8 o8 B EHS FHolgkom (@)
9, 1997), 1 ARl thgt Tt sfiale] Qlo] itk A
sle] Fash Gesle] Y9S- Aukroz (1) AAF
Aetre] dst, (2) 499 B, (3) e JAF, 4)
7Igolvt 42 BEE st (5) PR A%
Z, (6) EYQ A& A5 (sdine seep), (7) =2 APIA
o] dB Fo 7IAE & & JEu(RichterKreitler,
1993), 1 FoX= AlFE - AFelxe] @R A5

)

J. Soil & Groundwater Env. Val. 14(3), p. 68~79, 2009



70 AT - ARAA - 123 -

o] 7194 A FR2] FAeA Tkt sido] ATt

o] F FFHE oFo] & ;ML Y IF Ao
H<=38H(1988), H<=8h- 79971(1989), A<=t 9)(1991), H
&9 ©1(1998), °]X1g <](2007) T s AT B
ANE A R Btk T HAR S5(1986)=
EY 2 AE 9] 4 AFEE E%lom, o= 117
2(1997), AFE(2001) 52 AAHQ] Fzol| 23] Ak
o2 g At EAIg st & A, 08+
, AXDG 22001 AFE B XY Askre)
AR S Fsle] o] AHe @] sfdllA 715K

.

i

Y

AYS 733 ARpstar k.

e 217194(1997), AFE (2001 AT 5 A
5 A ol| HIst] RS} o]-&io] 40%7} A A
B3] A e 165%el BHSIARE A5k

Axe Q53 ol YeplA) ereria mtsle] a4
A% @ake) glolo] B Wz Qg o Bl
olelgol vk AHsIg). mep A7) AT
qigh thRe] fIe1se] HFE B 2E ARE
nAlode] Asls P45} AL s ARSIl
237 28 o] grt.

AFms SRRl sastes ofFolxl luel
Aol Zejoloxlol BHE (01434 2], 2004) HAE
UZo] BTt USE 317191(1997)0] <J3) eE v
w7 Ale) A)E HEZo R, Uke) ARols Bk

ofj ofr

0]

shrol B B4 sk Fad QX AREe] B
% A9 e ME Adurt 231 = 2e Fol 9T,

(Fig. 2, AFE - I==FARIFAL, 2003). BF350] 0]

T T2 A2 5o vEn. AlFE 5 A9
9] o]3 A FEE= o] A Yo FH Ako] AYst
2~

e W slire] dIde Bol ot s R vike- #
%

31 0|2X i

et e Abole] S WA= Ghyben-Herzberg
relation(Ghyben, 1888; Herzberg, 1901)0.2 A3t 4=
Ak, o= A (1) 2ol xdH

__ P
ps_pf

z z, (1)

A7IM z= Sl s ' Agk T, 2 Sl
W R e Al T, pe B0 BE, pe
el AES AP oty WA o® p=1.025¢g/
cm®, p;=1.000 glem*|E2, 2] ()9} Zo] g A5

£ R SRR PED 5 e TAE A5 gy
ool
e}

A,

zs= 40z, 2

Basement

YEYTEY

Basement groundwater -

* SGF: Seegwipe Fermation, UF: U Fermation, Basement: Welded Tuff, Granite
Fig. 2. Schematic model showing hydrogeologic structures and occurrences of groundwater in Jgju Idand (modified from Koh et ., 1997).

J. Soil & Groundwater Env. Voal. 14(3), p. 68~79, 2009



Current sea level
{9}
] Sea level rising // .~ Past water 12 z,

Past sea level \\
.‘\ .
) S 7'

Fresh water
\. \\\\

Salt water ~ 3.
'\_ intrusion "”‘E‘ <

Salt water By

Fig. 3. Conceptual model of st water intrusion caused by sea
leve rise. z;isthe depth to the salt-water interface below sealevel
before sea leve rise, z, is the elevation of the water table above
sea level before sea leve rise, Zs is the depth to the sdt-water
interface below sealevel after sealevd risg, Z,, isthe devation of
the water table above sealeve after sealeve rise, respectively.

o] 45 W) s w

SESRCE ERREIE]

nxl 1-1:1

Hole. shere] 45spl HH S Aol | ke
G A= QA 353 Hlo) woet sire] BAe]
F O 43Pl HE e UAH2 5 BT 92
o] gtk e ool Ha) slFE Ao Q1stel At
S} el S AAzE fEol WS HEw
sirrlo] sk woluth 9 el A5e] 4%

Zo| A v HoAA| HiL o] 3l T A<
f¢lo] =t} 53] Ghyben-Herzberg rdationol] 23
slgHo] e uf, 11 s oot vlusle fE= <
st Aale] 5 o7t 1ol & vIX|A "ok o=
A2 BES fste] 1 ZpolHnt 400 7HE FA9
g IFE H83lof stk Zis o F Utk ol 1
2} & AErge] dleH ek g v sl AFE
vehd F o= ZE ofrlgitt

AAZ At 14)7] B9 23] o] °F 70em
7} AEEtRar A= Qlste] U7 A diegellA
3l F5E7 Basa 9k, o] A YellA= 05m 3
o] A= w SHE7F ZAAH] 15km o= 53
te Aol 2xx Bug bl Iok(Sherif - Vijay,
1999).

32 22Uzt 2ol o A ZAL
AFdstE 1%k sl A AFER] d4e
2 7R B dqelA] vkl BEaiEs Qv

eI AT S5 A Askre] ATl st 71

Fig. 4. Location of Korean tide-gauge stations.

(Table 1). IPCC(2007)y= 204171 &< A AAIHQ] sl
W A SE oF 1.7105mmiyrZ F33EH o,
1961-2003L47J}XH H 409 A AE SEE
1.8+ 05mmiyrel] gaiikar Busiginh. AAFczs
AT AREElAE 1008 olde] BlwA ATIkEe] F
T A ARE WAL JoH ol Fvlee] HAIg
gt AFE AdelM e B ARES 4R U
2] A7) ®ol offold Qa1 ‘”%ﬂl Wiy, -2t
Zhe Al Azl Hl’é‘}oi e B AEU 84 A
53] A714Q HAS5AE S S4o] Bo] HH|ste] #
A} Bk o]foiR]7] FE Aol St
739 =Y FZAFI(NORI, Nationa Oceanographic
Research Ingtitute)ollA] 195243 8¢ E-Follxe] =9 &
AFoz 2007 A 3TN 2 BEZAES
UCLH(Fig. 4), 404 oVde] 7] B As5E =
ST o 100, 203 o] B % Sl
227020l Bl

HIE Al 4705 2] A71AR1 B5 As7F S30
HARE FRIA fevet <129 s Al g
ATEe] thdkt WHog o] gt (Table 2) ©]
E d7elrde sit= FHY SeH A S0t FH

i H

N
iﬁ
ﬂll
r-{o
o2

ol
flo rQL o

pe )

J. Soil & Groundwater Env. Val. 14(3), p. 68~79, 2009



72

ot

A% - AR - 388 - 1719 - o

Table 1. Estimated global sealevel rise (updated from Warrick and Oerlemans, 1990; Robin 1986)

Rate (mm/yr) Comments References
>05 Cryologic esimate Thorarinsson (1940)
11+ 08 Many sations, 1807-1939 Guetenburg (1941)
12 -14 Combined methods Kuenen (1950)
11+ 04 6 dations, 1807-1943 Lidgtzin (1958, in Lidtzin, 1974)
12 Sdlected stations, 1900-1950 Fairbridge - Krebs (1962)
30 Many dations, 1935-1975 Emery (1980)
12 + 01t 193 stations— 14 regions, 1830-1980 Gorniz et a. (1982)
15 Many dations, 1900-1975 Klige (1982)
15 + 015t 9 gations, 1903-1969 Barnett (1983)
14 + 014t 155 dations, 1881-1980 Barnett (1984)
03 Many sations Aubrey (1985)
12 + 0.3f 130 stations, 1880-1982 Gornitz - Lebedeff (1987)*
0.1t 130 stations— 11 regions, 1880-1982 Gornitz - Lebedeff (1987)*
10to 15 44 East Coast U.S. dations, 1920-1983 Braatz - Aubrey (1987)
115 155 ddions, 1880-1986 Barnett (1988)
04 - 06 58 Europe gations, 1920-1980 Pirazzoli (1989)
24 + 0.98 40 dations, 1920-1970 Peltier - Tushingham (1989; 1991)**
175 + 0.138 84 gations, 1900-1986 Trupin - Wahr (1990)**
167 £ 0.33 69 sations, 1900-1986 Wahr - Trupin (1990)**
126 + 0.78 U.S. east coadt, 1880-1980 Gornitz -+ Seeber (1990)
18 + 0.1° 21 dations, 1830-1980 Douglas (1991)**
Notes:

T =Value plus 95% confidence interval
§=Mean and standard deviation

° =Standard error

* = Long-term crustal motions removed

** = Glacio- and hydro-isostatic effects removed

Table 2. Edtimated sealevel rise around Korea

Rate (mmvyr) Comments References
09+298 16 gations around Korea, Japan, and Russa, 1965-1985 Pang et d. (1994)
4.6-4.8 Topex/Poseidon and ERS data around Korean Peninsula and East sea, 1992-2001 Cho + Kim (2001)
230+£222 23 dations around the Korean Peninsula, 1960-1999 Cho (2002)
1-3 6 dations at the southwestern coast, 1960-2003 Kang et a. (2005)
3.89 multi-satellite data around the Korean Peninsula, 1993-2005 Ha et a. (2006)
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Fig. 9. Monthly mean sea level, water table and precipitation a Well JD Handong 1 during 2006-2008. Precipitation records are
represented by a line graph not by a bar graph for the comparison with sea level and water table records. The line graph for precipitation
does not mean continuous rain fall. Small solid circles on the line graph for precipitation mean accumulated precipitation for a month.
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Fig. 10. Monthly mean sea level, water table and electric conductivity at Well JD Handong 1 for 2002-2008.
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Fig. 11. Monthly mean sealevel, water table and eectric conductivity at Well JD Handong 1 during 2006-2008.
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Fig. 12. Conceptual model of extension of the fresh water lens
caused by heavy precipitation.
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